Background: Familial dysautonomia (FD) is a rare neurodevelopmental genetic disorder within the larger classification of hereditary sensory and autonomic neuropathies. We aimed to identify the pathogenic SNPs in IKBKAP gene by computational analysis software's, and to determine the structure, function and regulation of their respective proteins. Materials and Methods: We carried out in silico analysis of structural effect of each SNP using different bioinformatics tools to predict SNPs influence on protein structure and function. Result: 41 novel mutations out of 973 nsSNPs that are found be deleterious effect on the IKBKAP structure and function. Conclusion: This is the first in silico analysis in IKBKAP gene to prioritize SNPs for further genetic studies.
SIFT:
SIFT is a sequence homology-based tool (24) that sorts intolerant from tolerant amino acid substitutions and predicts whether an amino acid substitution in a protein will have a phenotypic Effect. Considers the position at which the change occurred and the type of amino acid change. Given a protein sequence, SIFT chooses related proteins and obtains an alignment of these proteins with the query. Based on the amino acids appearing at each position in the alignment, SIFT calculates the probability that an amino acid at a position is tolerated conditional on the most frequent amino acid being tolerated. If this normalized value is less than a cutoff, the substitution is predicted to be deleterious. SIFT scores <0.05 are predicted by the algorithm to be intolerant or deleterious amino acid substitutions, whereas scores >0.05 are considered tolerant. It is available at (http://sift.bii.a-star.edu.sg/).
Polyphen-2:
It is a software tool (25) to predict possible impact of an amino acid substitution on both structure and function of a human protein by analysis of multiple sequence alignment and protein 3D structure, in addition it calculates position-specific independent count scores (PSIC) for each of two variants, and then calculates the PSIC scores difference between two variants. The higher a PSIC score difference, the higher the functional impact a particular amino acid substitution is likely to have. Prediction outcomes could be classified as probably damaging, possibly damaging or benign according to the value of PSIC as it ranges from (0_1); values closer to zero considered benign while values closer to 1 considered probably damaging and also it can be indicated by a vertical black marker inside a color gradient bar, where green is benign and red is damaging. nsSNPs that predicted to be intolerant by Sift has been submitted to Polyphen as protein sequence in FASTA format that obtained from UniproktB /Expasy after submitting the relevant ensemble protein (ESNP) there, and then we entered position of mutation, native amino acid and the new substituent for both structural and functional predictions. 
Provean:
Provean is a software tool (26) which predicts whether an amino acid substitution or indel has an impact on the biological function of a protein. It is useful for filtering sequence variants to identify nonsynonymous or indel variants that are predicted to be functionally important. It is available at (https://rostlab.org/services/snap2web/ ).
SNAP2:
Functional effects of mutations are predicted with SNAP2 (27) SNAP2 is a trained classifier that is based on a machine learning device called "neural network". It distinguishes between effect and neutral variants/non-synonymous SNPs by taking a variety of sequence and variant features into account. The most important input signal for the prediction is the evolutionary information taken from an automatically generated multiple sequence alignment. Also structural features such as predicted secondary structure and solvent accessibility are considered. If available also annotation (i.e. known functional residues, pattern, regions) of the sequence or close homologs are pulled in. In a cross-validation over 100,000 experimentally annotated variants, SNAP2 reached sustained two-state accuracy (effect/neutral) of 82% (at an AUC of 0.9). In our hands this constitutes an important and significant improvement over other methods. It is available at (https://rostlab.org/services/snap2web/ ).
PHD-SNP:
An online Support Vector Machine (SVM) based classifier, is optimized to predict if a given single point protein mutation can be classified as disease-related or as a neutral polymorphism, it is available at: (http://http://snps.biofold.org/phd-snp/phdsnp.html)
SNP& Go:
SNPs&GO is an algorithm developed in the Laboratory of Biocomputing at the University of Bologna directed by Prof. Rita Casadio. SNPs&GO is an accurate method that, starting from a protein sequence, can predict whether a variation is disease related or not by exploiting the corresponding protein functional annotation. SNPs&GO collects in unique framework information derived from protein sequence, evolutionary information, and function as encoded in the Gene Ontology terms, and outperforms other available predictive methods (28) It is available at (http://snps.biofold.org/snps-and-go/snps-and-go.html ).
P-Mut:
PMUT a web-based tool (29) for the annotation of pathological variants on proteins, allows the fast and accurate prediction (approximately 80% success rate in humans) of the pathological character of single point amino acidic mutations based on the use of neural networks. It is available at (http://mmb.irbbarcelona.org/PMut ).
I-Mutant 3.0:
I-Mutant 3.0 Is a neural network based tool (30) for the routine analysis of protein stability and alterations by taking into account the single-site mutations. The FASTA sequence of protein retrieved from UniProt is used as an input to predict the mutational effect on protein stability. It is available at (http://gpcr2.biocomp.unibo.it/cgi/predictors/I-Mutant3.0/I-Mutant3.0.cgi ).
Modeling nsSNP locations on protein structure:
Project hope (version 1.1.1) is a new online web-server to search protein 3D structures (if available) by collecting structural information from a series of sources, including calculations on the 3D coordinates of the protein, sequence annotations from the UniProt database, and predictions by DAS services. Protein sequences were submitted to project hope server in order to analyze the structural and conformational variations that have resulted from single amino acid substitution corresponding to single nucleotide substitution; It is available at (http://www.cmbi.ru.nl/hope )
GeneMANIA:
We submitted genes and selected from a list of data sets that they wish to query. GeneMANIA approach to know protein function prediction integrate multiple genomics and proteomics data sources to make inferences about the function of unknown proteins. (31) . It is available at (http://www.genemania.org/ ).
RaptorX:
is a web server predicting structure property of a protein sequence without using any templates. It outperforms other servers, especially for proteins without close homologs in PDB or with very sparse sequence profile. The server predicts tertiary structure. It is available at (http://raptorx.uchicago.edu/) (32) *FDR: false discovery rate is greater than or equal to the probability that this is a false positive. 
Result:

Discussion:
We found 41 novel mutations (table3) that has effect on the stability and function of the IKBKAP gene using bioinformatics tools. The methods used are based on different aspects and parameters describing the pathogenicity and provide clues on the molecular level about the effect of mutations. It is not easy to predict the pathogenic effect of SNPs using single method. Therefore, we used multiple methods to compare and rely on the results predicted. In this study we used different in silico prediction algorithms: SIFT, PolyPhen-2, Provean, SNAP2, SNP&GO, PHD-SNP, P-MUT and I-Mutant 3.0 , Figure (2) .
This study identified the total number of nsSNP in Homo sapiens located in coding region of IKBKAP gene, that were investigated in dbSNP/NCBI database (22) out of 1458 there are 973 nsSNPs (missense mutations), which were submitted to SIFT server, PolyPhen-2 server, Provean sever and SNAP2 respectively, 291 (130 SNPs with Score 0) SNPs were predicted to be deleterious in SIFT server. In PolyPhen-2 server, our result showed that 570 were found to be damaging (159 possibly damaging and 411 probably damaging showed deleterious). In Provean server our result showed that 390 SNPs were predicted to be deleterious. While in SNAP2 server our result showed that 389 SNPs were predicted to be Effect. The differences in prediction capabilities refer to the fact that every prediction algorithm uses different sets of sequences and alignments. In table (2) we were submitted four positive results from SIFT, PolyPhen-2, Provean and SNAP2 to observe the disease causing one by SNP&GO, PHD-SNP and P-Mut servers. Figures (1 & 2) .
In SNP&GO, PHD-SNP and P-Mut software's were used to predict the association of SNPs with disease. According to SNP&GO, PHD-SNP and P-Mut (69, 69 and 69 SNPs respectively) were found to be disease related SNPs. We selected the triple disease related SNPs only in 3 softwares for further analysis by I-Mutant 3.0 , (Table 3 ). While I-Mutant result revealed that the protein stability decreased ( which destabilize the amino acid interaction) in the following SNPs: (R1137C, Y943N, I936T, A907T, Y898C, D886V, R749K ,R722Q, L716S,Q710R, R693W ,R689Q  ,R689W, G576D ,P410L ,G396V ,L336S ,H329Q ,Y328S, S298F, G272R, P248L, V223E, R219Q,  R219W, V209E, G202E, R201P ,R201Q ,R201W ,G162R). While (Y992C, Y943C, N888Y, Y797C,  T793R , D791V, Y328C, Y328F, W323R, D203Y) are found to increase the protein stability (Table 3) . Figures (1&2) .
GeneMANIA revealed that IKBKAP gene has many important functions : DNA-directed RNA polymerase complex, DNA-directed RNA polymerase II, holoenzyme, DNA-templated transcription, elongation, nuclear DNA-directed RNA polymerase complex, positive regulation of cell migration, positive regulation of cell motility, positive regulation of locomotion, RNA polymerase complex, transcription elongation factor complex, transcription elongation from RNA polymerase II promoter. The genes co-expressed with, share similar protein domain, or participate to achieve similar function are illustrated by GeneMANIA and shown in figures (4 to 44) Table (4 & 5) .
We also used Project HOPE server to submit the 41 most deleterious (damaging) nsSNPs: (rs377679012):(R1137C):Cysteine (The mutant residue) is smaller than Arginine (the wild-type residue.) The wild-type residue charge was POSITIVE; the mutant residue charge is NEUTRAL. The mutant residue is more hydrophobic than the wild-type residue there is a difference in charge between the wild-type and mutant amino acid. The charge of the wild-type residue will be lost; this can cause loss of interactions with other molecules or residues. The wild-type and mutant amino acids differ in size. The mutant residue is smaller; this might lead to loss of interactions. The hydrophobicity of the wild-type and mutant residue differs .The mutation introduces a more hydrophobic residue at this position. This can result in loss of hydrogen bonds and/or disturb correct folding.
(rs372723869):(Y992C): Cysteine (the mutant residue) is smaller than the Tyrosine (wild-type residue). The mutant residue is more hydrophobic than the wild-type residue .The wild-type residue is very conserved, but a few other residue types have been observed at this position too .The mutant residue was not among the other residue types observed at this position in other, homologous proteins. The wild-type and mutant amino acids differ in size. The mutant residue is smaller than the wild-type residue .The mutation will cause an empty space in the core of the protein. The hydrophobicity of the wild-type and mutant residue differs .The mutation will cause loss of hydrogen bonds in the core of the protein and as a result disturb correct folding.
(rs924119518):(Y943C): Cysteine (the mutant residue) is smaller than Tyrosine (the wild-type residue) the mutant residue is more hydrophobic than the wild-type residue. The wild-type residue is very conserved, but a few other residue types have been observed at this position too. The mutant residue was not among the other residue types observed at this position in other, homologous proteins and is located near a highly conserved position. The wild-type and mutant amino acids differ in size. The mutant residue is smaller than the wild-type residue. This will cause a possible loss of external interactions .The hydrophobicity of the wild-type and mutant residue differs.
(rs1319436059):(Y943N): Asparagine (the mutant residue) is smaller than Tyrosine (the wildtype residue).The wild-type residue is more hydrophobic than the mutant residue and it is very conserved, but a few other residue types have been observed at this position too. The mutant residue was not among the other residue types observed at this position in other, homologous proteins and it is located near a highly conserved position. The wild-type and mutant amino acids differ in size. The mutant residue is smaller than the wild-type residue. This will cause a possible loss of external interactions. The hydrophobicity of the wild-type and mutant residue differs. The mutation might cause loss of hydrophobic interactions with other molecules on the surface of the protein.
(rs199617267):(I936T):Threonine(The mutant residue) is smaller than the Isoleucine (wild-type residue).The wild-type residue is more hydrophobic than the mutant residue . The wild-type and mutant amino acids differ in size. The mutant residue is smaller than the wild-type residue. The mutation will cause an empty space in the core of the protein. The mutation will cause loss of hydrophobic interactions in the core of the protein.
(rs1218321803):(A907T): Threonine (The mutant residue) is bigger than Alanine (the wild-type residue). The wild-type residue is more hydrophobic than the mutant residue. The mutation converts the wild-type residue in a residue that does not prefer α-helices as secondary structure. The wild-type residue is very conserved, but a few other residue types have been observed at this position too. The wild-type and mutant amino acids differ in size. The mutant residue is bigger than the wild-type residue. The wild-type residue was buried in the core of the protein. The mutant residue is bigger and probably will not fit. The hydrophobicity of the wildtype and mutant residue differs. The mutation will cause loss of hydrophobic interactions in the core of the protein.
(rs199679232):(Y898C): Cysteine (The mutant residue) is smaller than (the wild-type residue). The mutant residue is more hydrophobic than the wild-type residue. The size difference between wild-type and mutant residue makes that the new residue is not in the correct position to make the same hydrogen bond as the original wild-type residue did. The difference in hydrophobicity will affect hydrogen bond formation. The wild-type residue is very conserved, but a few other residue types have been observed at this position too. The wild-type and mutant amino acids differ in size. The mutant residue is smaller than the wild-type residue. This will cause a possible loss of external interactions. The hydrophobicity of the wild-type and mutant residue differs.
(rs752349406):(N888Y): Tyrosine (The mutant residue) is bigger than (the wild-type residue). The mutant residue is more hydrophobic than the wild-type residue. The wild-type residue is very conserved, but a few other residue types have been observed at this position too. The mutant residue was not among the other residue types observed at this position in other, homologous proteins. However, residues that have some properties in common with your mutated residue were observed. This means that in some rare cases the mutation might occur without damaging the protein. The mutated residue is located on the surface of a domain with unknown function. The wild-type and mutant amino acids differ in size. The mutant residue is bigger than the wild-type residue. The residue is located on the surface of the protein; mutation of this residue can disturb interactions with other molecules or other parts of the protein. The hydrophobicity of the wild-type and mutant residue differs.
(rs1270126477);( D886V): Valine (The mutant residue) is smaller than Aspartic Acid (the wildtype residue). The wild-type residue charge was NEGATIVE; the mutant residue charge is NEUTRAL. The mutant residue is more hydrophobic than the wild-type residue. The size difference between wild-type and mutant residue makes that the new residue is not in the correct position to make the same hydrogen bond as the original wild-type residue did. The difference in hydrophobicity will affect hydrogen bond formation. The mutated residue is located on the surface of a domain with unknown function. There is a difference in charge between the wild-type and mutant amino acid. The charge of the wild-type residue is lost by this mutation. This can cause loss of interactions with other molecules. The wild-type and mutant amino acids differ in size. The mutant residue is smaller than the wild-type residue. This will cause a possible loss of external interactions. The hydrophobicity of the wild-type and mutant residue differs.
(rs1181862976):(Y797C): cysteine (The mutant residue) is smaller than tyrosine (the wild-type residue). Each amino acid has it is own specific size charge, and hydrophobicity-value. The original wild-type residue and newly introduced mutant residue often differ in the properties .The mutant residue is smaller than the wild-type residue. The mutant residue is more hydrophobic than the wild-type residue.
(rs201596987):(T793R): Arginine (The mutant residue) is bigger than Threonine ( The wile-type residue). The wild-type residue is very conserved, but a few other residue types have been observed at this position too. Is buried in the core of a domain. The differences between the wild-type and mutant residue might disturb the core structure of this domain. There is a difference in charge between the wild-type and mutant amino acid. The mutant residue introduces a charge in a buried residue which can lead to protein folding problems. The wildtype and mutant amino acids differ in size. The mutant residue is bigger than wild-type residue.
The wild-type residue was buried in the core of the protein. The mutant residue is bigger and probably will not fit. The hydrophobicity of the wild-type and mutant residue differ. The mutation will cause loss of hydrophobic interaction in the core of the protein.
(D791V): Valine (The mutant residue) is smaller than Aspartic Acid (The wild-type residue). The wild-type residue is very conserved, but a few other residue types have been observed at this position too. The mutant residue was not among the other residue types observed at this position in other, homologous proteins. However, the residues that have in some rare cases the mutation might occur without damaging the protein. The mutant residue is located on the surface of a domain with unknown function. The residue was not found to be in contact with other domains of which the function is known without the used structure. There is a difference in charge between the wild-type and mutant amino acid. The wild-type and mutant amino acids differ in size. The mutant reside is smaller than wild-type residue. This will cause a possible loss of external interactions. The hydrophobicity of the wild-type and mutant reside differs.
(rs1452809051):(R749K): Lysine (The mutant residue) is smaller than Arginine ( wild-type residue). The wild-type residue is very conserved, but a few other residue types have been observed at this position too. The mutant residue was not among the other residue types observed at this position in other, homologous proteins. Only this type was found at this position. Mutation of a 100% conserved residue is usually damaging for the protein. This mutation might occur in some rare cases, but it is more likely that the mutation is damaging to the protein. The mutated residue is located on the surface of a domain with unknown function. The residue was not found to be in contact with other domains of which the function is known within the used structure. However, contact with other molecules or domains is still possible and might be affected this mutation. The wild-type and mutant amino acid differ in size. The mutant residue is smaller than the wild-type residue. This will cause a possible loss of external interactions.
(rs370575901):(R722Q): Glutamine ( The mutant residue) is smaller than Arginine ( wild-type residue ). The wild-type residue charge was POSITIVE. The mutant residue charge is NATURAL. Only this residue type was found at this position. Mutation of a 100% conserved residue is usually damaging for the protein. This mutation might occur in some rare cases, but it is more likely that the mutation is damaging to the protein. The mutant residue is located near a highly conserved position. The mutated residue is located on the surface of a domain with unknown function. The residue was not found to be in contact with other domains of which the function is known within the used structure. There is a difference charge between the wild-type and mutant amino acid. The charge of the wild-type residue is lost by this mutation. This can cause loss of interactions. The wild-type and mutant amino acids differ in size. The mutant residue is smaller than the wild-type residue. This will cause a possible loss of external interactions.
(rs767003999): (L716S): Serine (The mutant residue) is smaller than Leucine (The wild-type residue). The mutation introduces an amino acid with different properties, which can disrupt this domain and abolish its function. The mutant residue is less hydrophobic than the wild-type residue. Hydrophobic interactions, either in the core of the protein or on the surface, will be lost.
(rs1275065654): (Q710R): Arginine (The mutant residue) is bigger than Glutamine (The wildtype residue). The increases in the size of the mutant residue might lead to bumps. The mutant residue is positively charge, while the wild-type residue charge is neutral. This charge changes could lead to repulsion of ligands or other residues with the same charge.
(rs763692410): (R693W): Tryptophan (The mutant residue) is bigger than Arginine (The wildtype residue). The increases in the size of the mutant residue might lead to bumps. The mutant residue charge is neutral, while the wild-type residue is positively charged. This change can cause loss of interactions with other molecules or residues. The mutant residue is more hydrophobic than the wild-type residue. This can result in loss of hydrogen bonds and/or disturb correct folding.
(rs201742754): (R689Q): Glutamine (The mutant residue) is smaller than Arginine (The wildtype residue). This might lead to loss of interactions. The mutant residue is neutral in charge, while the wild-type residue is positively charged. The loss of this charge can cause loss of interactions with other molecules or residues.
(rs201390288): (R689W): Tryptophan (The mutant residue) is bigger than Arginine (The wildtype residue).The increases in the size of the mutant residue might lead to bumps. The mutant residue charge is neutral, while the wild-type residue is positively charged. This change can cause loss of interactions with other molecules or residues. The mutant residue is more hydrophobic than the wild-type residue. This can result in loss of hydrogen bonds and/or disturb correct folding.
(rs56229130):(G576D): Aspartic Acid (the mutant residue) is bigger than glycine (the wild type).The wild-type residue charge was neutral, the mutant residue charge is negative. The wild-type residue is more hydrophobic than the mutant residue. The wild type residue is the most flexible of all residues. This flexibility might be necessary for the protein's function. Mutation of this glycine can abolish this function. There is a difference in charge between the wild type and mutant amino acid. The mutation introduces a charge; this can cause repulsion of ligands or other residues with the same charge. The wild type and mutant amino acids differ in size. The mutant residue is bigger, this might lead to bumps. The torsion angles for this residue are unusual. Only glycine is flexible enough to make these torsion angles, mutation into another residue will force the local backbone into an incorrect conformation and will disturb the local structure.
(rs375957332):(P410L): Leucine (The mutant residue) is bigger than the Proline (The wild type). Proline are known to be very rigid and therefore induce a special backbone conformation, which might be required at this position. The mutation can disturb this special conformation, there by disturbing the local structure. The wild type and mutant amino acids differ in size. The mutant residue is bigger this might lead to bumps.
(rs1414061926):(G396V): Valine (the mutant residue) is bigger than Glycine (the wild type)the mutant residue is more hydrophobic than the wild-type residue. The torsion angles for this residue are unusual. Only glycine is flexible enough to make these torsion angles, mutation into another residue will force the local backbone into an incorrect conformation and will disturb the local structure. The wild type and mutant amino acids differ in size. The mutant residue is bigger this might lead to bumps.
(rs775321513):(L336S): Serine (the mutant residue) is smaller than leucine (the wild type residue). The wild type residue is more hydrophobic than the mutant residue. The hydrophobicity of the wild type and mutant residue differs, so hydrophobic interactions, either in the core of the protein or on the surface, will be lost. The wild type and mutant amino acids differ in size. The mutant residue is smaller; this might lead to loss of interactions.
(rs764033545):(H329Q): Histidine (the mutant residue) is smaller than glutamine (the wild type),the wild-type and mutant amino acids differ in size. The mutant residue is smaller; this might lead to loss of interactions.
(rs750663365):(Y328S): Serine (The mutant residue) is smaller than Tyrosine (the wild-type residue).The wild-type residue is predicted (using the Reprof software) to be located in its preferred secondary structure, a β-strand. The mutant residue prefers to be in another secondary structure; therefore the local conformation will be slightly destabilized. The wildtype and mutant amino acids differ in size. The mutant residue is smaller; this might lead to loss of interactions.
(Y328C): cysteine (The mutant residue) is smaller than (the wild-type residue). The mutant residue is more hydrophobic than the wild-type residue. The wild-type residue is predicted (using the Reprof software) to be located in its preferred secondary structure, a β-strand. The mutant residue prefers to be in another secondary structure; therefore the local conformation will be slightly destabilized. The wild-type and mutant amino acids differ in size. The mutant residue is smaller; this might lead to loss of interactions. The hydrophobicity of the wild-type and mutant residue differs. The mutation introduces a more hydrophobic residue at this position. This can result in loss of hydrogen bonds and/or disturb correct folding.
(Y328F): Phenylalanine (The mutant residue) is bigger than Tyrosine (the wild-type residue).The mutant residue is more hydrophobic than the wild-type residue. The wild-type and mutant amino acids differ in size. The mutant residue is smaller; this might lead to loss of interactions. The hydrophobicity of the wild-type and mutant residue differs. The mutation introduces a more hydrophobic residue at this position. This can result in loss of hydrogen bonds and/or disturb correct folding.
(rs1159235595):(W323R): Arginine (The mutant residue) is smaller than Tryptophan (the wildtype residue).The wild-type residue charge was NEUTRAL, the mutant residue charge is POSITIVE. The wild-type residue is predicted (using the Reprof software) to be located in its preferred secondary structure, a β-strand. The mutant residue prefers to be in another secondary structure; therefore the local conformation will be slightly destabilized. The wildtype residue is more hydrophobic than the mutant residue. The wild-type and mutant amino acids differ in size. The mutant residue is smaller; this might lead to loss of interactions. The hydrophobicity of the wild-type and mutant residue differs. Hydrophobic interactions, either in the core of the protein or on the surface, will be lost.
(rs1288706972):(S298F): Phenylalanine (The mutant residue) is bigger than Serine (the wildtype residue).The mutant residue is more hydrophobic than the wild-type residue. The wildtype residue is predicted (using the Reprof software) to be located in its preferred secondary structure, a turn. The mutant residue prefers to be in another secondary structure; therefore the local conformation will be slightly destabilized. The wild-type and mutant amino acids differ in size. The mutant residue is bigger, this might lead to bumps. The hydrophobicity of the wildtype and mutant residue differs. The mutation introduces a more hydrophobic residue at this position. This can result in loss of hydrogen bonds and/or disturb correct folding.
()(G272R) Arginine (The mutant residue) is bigger than Glycine (the wild-type residue). The wildtype residue charge was NEUTRAL, the mutant residue charge is POSITIVE. The wild-type residue is more hydrophobic than the mutant residue. There is a difference in charge between the wild-type and mutant amino acid. The mutation introduces a charge, this can cause repulsion of ligands or other residues with the same charge. The wild-type and mutant amino acids differ in size. The mutant residue is bigger, this might lead to bumps. The torsion angles for this residue are unusual. only glycine is flexible enough to make these torsion angles, mutation into another residue will force the local backbone into an incorrect conformation and will disturb the local structure.
(rs1394468770):(P248L): Leucine (The mutant residue) is bigger than Proline (The wild-type residue). The mutated residue is located in a domain that is important for binding of other molecules. Mutation of the residue might disturb this function. The wild-type and mutant amino acids differ in size. The mutant residue is bigger, this might lead to bumps. Prolines are known to have a very rigid structure, sometimes forcing the backbone in a specific conformation. Possibly, the mutation changes a proline with such a function into another residue, thereby disturbing the local structure.
(rs1312638005):(V223E): Glutamic acid (The mutant residue) is bigger than Valine (The wildtype residue). The wild-type residue charge was NEUTRAL; the mutant residue charge is NEGATIVE. The wild-type residue is more hydrophobic than the mutant residue. There is a difference in charge between the wild-type and mutant amino acid. The mutation introduces a charge, this can cause repulsion of ligands or other residues with the same charge. The wildtype and mutant amino acids differ in size. The mutant residue is bigger, this might lead to bumps. The hydrophobicity of the wild-type and mutant residue differs. Hydrophobic interactions, either in the core of the protein or on the surface, will be lost.
(rs749382362):(R219Q): Glutamine (The mutant residue) is smaller than Arginine (The wild-type residue). The wild-type residue charge was POSITIVE; the mutant residue charge is NEUTRAL. The mutated residue is located in a domain that is important for binding of other molecules. Mutation of the residue might disturb this function. There is a difference in charge between the wild-type and mutant amino acid. The charge of the wild-type residue will be lost; this can cause loss of interactions with other molecules or residues. The wild-type and mutant amino acids differ in size. The mutant residue is smaller; this might lead to loss of interactions.
(rs374238430):(R219W): Tryptophan (The mutant residue) is bigger than Arginine (The wildtype residue). The wild-type residue charge was POSITIVE; the mutant residue charge is NEUTRAL. The mutant residue is more hydrophobic than the wild-type residue. The mutated residue is located in a domain that is important for binding of other molecules. Mutation of the residue might disturb this function. There is a difference in charge between the wild-type and mutant amino acid. The charge of the wild-type residue will be lost; this can cause loss of interactions with other molecules or residues. The wild-type and mutant amino acids differ in size. The mutant residue is bigger, this might lead to bumps. The hydrophobicity of the wildtype and mutant residue differs. The mutation introduces a more hydrophobic residue at this position. This can result in loss of hydrogen bonds and/or disturb correct folding.
(rs1039834492):(V209E): Glutamic Acid (The mutant residue) is bigger than Valine (The wildtype residue). The wild-type residue charge was NEUTRAL; the mutant residue charge is NEGATIVE. The wild-type residue is more hydrophobic than the mutant residue. The mutated residue is located in a domain that is important for binding of other molecules. Mutation of the residue might disturb this function. There is a difference in charge between the wild-type and mutant amino acid. The mutation introduces a charge; this can cause repulsion of ligands or other residues with the same charge. The wild-type and mutant amino acids differ in size. The mutant residue is bigger, this might lead to bumps. The hydrophobicity of the wild-type and mutant residue differs. Hydrophobic interactions, either in the core of the protein or on the surface, will be lost.
(rs747349523):(D203Y): Tyrosine (The mutant residue) is bigger than Aspartic Acid ( the wildtype residue).The wild-type residue charge was NEGATIVE, the mutant residue charge is NEUTRAL .The mutant residue is more hydrophobic than the wild-type residue There is a difference in charge between the wild-type and mutant amino acid. The charge of the wild-type residue will be lost, this can cause loss of interactions with other molecules or residues. The wild-type and mutant amino acids differ in size .The mutant residue is bigger, this might lead to bumps .The hydrophobicity of the wild-type and mutant residue differs .The mutation introduces a more hydrophobic residue at this position. This can result in loss of hydrogen bonds and/or disturb correct folding.
(rs776300430):(G202E): Glutamic Acid (The mutant residue) is bigger than Glycine( the wildtype residue). The wild-type residue charge was NEUTRAL, the mutant residue charge is NEGATIVE.The wild-type residue is more hydrophobic than the mutant residue there is a difference in charge between the wild-type and mutant amino acid. The mutation introduces a charge; this can cause repulsion of ligands or other residues with the same charge. The wildtype and mutant amino acids differ in size. The mutant residue is bigger, this might lead to bump. The torsion angles for this residue are unusual. Only glycine is flexible enough to make these torsion angles, mutation into another residue will force the local backbone into an incorrect conformation and will disturb the local structure.
(rs367552387):(R201Q): Glutamine (The mutant residue) is smaller than Arginine (the wild-type residue).The wild-type residue charge was POSITIVE, the mutant residue charge is NEUTRAL. There is a difference in charge between the wild-type and mutant amino acid. The charge of the wild-type residue will be lost, this can cause loss of interactions with other molecules or residues. The wild-type and mutant amino acids differ in size .The mutant residue is smaller, this might lead to loss of interactions.
()(R201P): Proline (The mutant residue) is smaller than Arginine (the wild-type residue).The wild-type residue charge was POSITIVE, the mutant residue charge is NEUTRAL.The mutant residue is more hydrophobic than the wild-type residue There is a difference in charge between the wild-type and mutant amino acid. The charge of the wild-type residue will be lost, this can cause loss of interactions with other molecules or residues. The wild-type and mutant amino acids differ in size. The mutant residue is smaller, this might lead to loss of interactions. The hydrophobicity of the wild-type and mutant residue differs. The mutation introduces a more hydrophobic residue at this position. This can result in loss of hydrogen bonds and/or disturb correct folding.
(rs773117166)(R201W) Tryptophan (The mutant residue) is bigger than Arginine (the wild-type residue.)The wild-type residue charge was POSITIVE, the mutant residue charge is NEUTRAL The mutant residue is more hydrophobic than the wild-type residue There is a difference in charge between the wild-type and mutant amino acid. The charge of the wild-type residue will be lost, this can cause loss of interactions with other molecules or residues. The wild-type and mutant amino acids differ in size. The mutant residue is bigger, this might lead to bumps .The hydrophobicity of the wild-type and mutant residue differs .The mutation introduces a more hydrophobic residue at this position. This can result in loss of hydrogen bonds and/or disturb correct folding.
(rs565257577)(G162R) Arginine (The mutant residue) is bigger than Glycine( the wild-type residue).The wild-type residue charge was NEUTRAL, the mutant residue charge is POSITIVE. The wild-type residue is more hydrophobic than the mutant residue. There is a difference in charge between the wild-type and mutant amino acid. The mutation introduces a charge, this can cause repulsion of ligands or other residues with the same charge. The wild-type and mutant amino acids differ in size. The mutant residue is bigger, this might lead to bumps. The torsion angles for this residue are unusual. only glycine is flexible enough to make these torsion angles, mutation into another residue will force the local backbone into an incorrect conformation and will disturb the local structure.
In the light of this study, any one with relation to Jewish ancestors or suspected of being a half Jewish, should be consider to do Exome sequencing for IKBKAP gene to check Familial dysautonomia disease.
Conclusion:
In the current work the influence of functional SNPs in the IKBKAP gene was investigated through various computational methods, and determined that (R1137C, Y992C, Y943C, Y943N, I936T, A907T, Y898C, N888Y, D886V, Y797C, T793R, D791V, R749K, R722Q, L716S, Q710R, R693W, R689Q, R689W, G576D, P410L, G396V, L336S, H329Q, Y328S, Y328C, Y328F, W323R, S298F, G272R, P248L, V223E, R219Q, R219W, V209E, D203Y, G202E, R201Q, R201P, R201W, G162R) new SNPs have a potential functional impact and can thus be used as diagnostic markers.
